How Flies Time When They're Having Brunch  by Allada, Ravi
Cell Metabolism
PreviewsHow Flies Time When They’re Having Brunch
Ravi Allada1,*
1Department of Neurobiology and Physiology, Northwestern University, 2205 Tech Drive, #2-160, Evanston, IL 60201, USA
*Correspondence: r-allada@northwestern.edu
DOI 10.1016/j.cmet.2008.09.007
Coordinated timing of circadian clocks is thought to be crucial for optimal energy homeostasis. In this issue
of Cell Metabolism, Xu et al. (2008) explore the fruit fly as a model system to examine the links between
clocks, feeding, and metabolism.It is not surprising that life on earth has
evolved circadian clocks to anticipate
changes in our 24 hr environment. The
discovery of the core mechanisms of
circadian clocks has yielded unexpected
insights into their function in a range of
homeostatically regulated processes.
Perhaps nowhere is this more evident
than in the study of energy homeostasis.
These clocks regulate a host of metabolic
parameters as well as genes involved in
carbohydrate and lipid metabolism (Koh-
saka et al., 2007). Genetic perturbation
of the core clock mechanism disrupts
metabolic rhythms and can lead to patho-
physiological states that mimic metabolic
syndrome (Turek et al., 2005). In turn, en-
ergy state can feed back onto the clock.
Restricting food availability to certain
times of day can shift both molecular
and behavior rhythms. The disrupted
clocks of shift workers may even contrib-
ute to elevated incidence of metabolic
disease (Bray and Young, 2007). While
most of the work examining this clock/
metabolism connection has been done
in mammalian models, Xu et al. (2008)
nicely expands this work in a tractable
genetic model system, the fruit fly
Drosophila.
Before delving into the fly, a primer on
circadian clocks will help understand
and put this work in context. Circadian
rhythms have been classically defined as
rhythms that persist (or ‘‘free run’’) under
constant conditions, such as constant
darkness (DD), with a period approxi-
mately (but not exactly) 24 hr. Our clocks
are synchronized by exposure to the
24 hr cycle of sunlight. Thus, it has been
useful to consider a circadian clock as
consisting of a core timer, input pathways
that transmit environmental information to
the clock, and output pathways that con-
vey timing information to regulate physiol-
ogy and behavior. Work in Neurospora,Drosophila, and later mammals led to
the notion that this core timer consisted
of feedback loops in which transcription
factors activate their own repressors (Har-
din, 2005). In Drosophila, the basic helix-
loop-helix heterodimer CLOCK (CLK)
and CYCLE (CYC) activate the period
(per) and timeless (tim) repressors (Har-
din, 2005). As there is a posttranscriptional
delay between activation and repression,
these feedback loops give rise to 24 hr os-
cillations in gene expression. Fly clocks,
mouse clocks, and even human clocks
share remarkable functional similarities
reflecting their shared evolutionary origin.
Indeed, inherited human circadian sleep-
wake syndromes have been attributed to
mutations in the orthologs of Drosophila
clock genes (Toh et al., 2001).
So how does this conserved timing
mechanism drive physiological outputs?
In the premolecular era, it had been
thought that clocks were restricted to
discrete brain loci that then drove rhythms
from this central location. However, clock
genes were found to be rhythmically
expressed in virtually every organ and in
many tissue culture cell lines (Stratmann
and Schibler, 2006). Thus, clocks are
likely acting at multiple locations to regu-
late the timing of key physiological pro-
cesses. Microarray studies from these
‘‘peripheral’’ clocks suggest that circa-
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of the transcriptome, perhaps 10% (Strat-
mann and Schibler, 2006). Their remark-
able evolutionary conservation, wide-
spread tissue distribution, and extensive
genomic influence suggest that clocks
may be of vital importance to organismal
fitness and even human disease.
Xu et al. approach this question in the
fruit fly, a system becoming increasingly
important in metabolic studies, with
many features that are highly conserved
with vertebrates (Baker and Thummel,
2007). Initially, Xu et al. examined whether
a circadian clock drives rhythms of feed-
ing (Figure 1). Feeding was quantified by
providing flies, for 2 hr periods at different
times of day, food containing a dye that
persists in the digestive tract. They found
that flies eat a large brunch (note: combi-
nation of breakfast and lunch), exhibiting
fairly robust rhythms that peak in the
morning (Xu et al., 2008). These rhythms
persist in flies under constant darkness
conditions, confirming that an endoge-
nous clock drives them.
As in mammals, flies have clocks in
many peripheral tissues (Hardin, 2005).
Given the connection between clocks
and metabolism, Xu et al. examined the
fat body, an organ analogous to the
mammalian liver and adipose tissue, act-
ing as a site for storage of glycogen and
lipids (Baker and Thummel, 2007). First,
Xu et al. demonstrated the presence of a
circadian clock in the fat body by finding
oscillating levels of the clock component
tim (Xu et al., 2008). Remarkably, flies in
which a dominant negative Clk (dnClk)
was targeted to the fat body using the
takeout promoter exhibited reduced tim
levels and now ate more, especially at
night. Of note, takeout is a fat body ex-
pressed gene implicated as a link be-
tween clocks and feeding (Dauwalder
et al., 2002; Sarov-Blat et al., 2000).8, October 8, 2008 ª2008 Elsevier Inc. 279
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dered these flies sensitive to the lethal ef-
fects of starvation and resulted in reduced
glycogen stores. Thus, they propose that
the fat body clock is important for main-
taining energy stores. How might this
happen? Circadian clocks are thought to
temporally separate antagonistic cellular
processes to discrete temporal niches.
Disruption of this temporal balance may
lead to reduced energy stores that
renders the flies sensitive to starvation
and stimulates feeding.
One complexity in this story comes with
the finding that ClkJrk flies do not display
increased feeding, unlike flies in which
CLK activity was knocked down selec-
tively in the fat body (Xu et al., 2008).
They found that selectively disrupting
neuronal clocks by expressing dnClk re-
sulted in opposing phenotypes to those
resulting from disrupting CLK in the fat
body: increased starvation resistance280 Cell Metabolism 8, October 8, 2008 ª20and increased glycogen storage. Thus,
neuronal clocks appear to oppose the
metabolic effects of fat body clocks.
This work raises many important ques-
tions—What are the downstream effec-
tors of Clk function in metabolism in both
neuronal and fat body clocks? Which
neuronal clocks are involved in metabolic
regulation? What are the peripheral sig-
nals, emanating from the fat body, that
regulate the neural control of feeding? An-
alyzing the function of clocks in metabo-
lism in flies opens a host of approaches,
most notably the possibility of applying
high-throughput forward and reverse ge-
netic screens. Given the conservation of
both circadian and metabolic pathways,
the results should be of interest to all of us.
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